INTRODUCTION

This Paper deals with the Electric Power Distribution Reliability Indices defined in the IEEE Standard 1366 -1988, the experience obtained with them, as implemented in Edenor S.A. distribution utility (Argentina), and the proposal of a complementary index and method in order to improve the analysis to determine the most conflictive installations in the distribution networks (MV and LV voltages), under the rules of the de-regulated market.
IEEE STANDARD 1366 -1988
The IEEE Trial-Use Guide for Electric Power Distribution Reliability Indices, was approved in December 10 th, 1998, and identifies useful distribution reliability indices, and factors that affect their calculation. The indices are intended to apply to distribution systems, substations, circuits, and defined regions [1] . Some indices are discussed in deep here, but it is highly recommended to refer also to the original publication, available from the IEEE.
Some of the indices defined by the IEEE Standard have been of common use under other denominations from many years ago by distribution utilities from different countries. For some of them, the calculation is mandatory due to the regulations imposed by the governmental bureau that is in charge of the quality control of the privatised utilities. Usually, in one way or other, the continuity indices are in relationship with the fines applied to the utilities when the required quality levels are not fulfilled. So, in addition to the utility internal management use as reliability indices, this kind of indices has a very significant economical meaning.
IEEE INDICES DEFINITION
Sustained Interruption Indices [1]
All these indices applied to an utility as a whole or a particular geographical area or to an electric facility (for example. SAIFI and SAIDI are additive in the time if referred to the same installation (utility, area, etc.). The CAIDI must be calculated after SAIFI and SAIDI are evaluated. There are others indices described in the IEEE Standard, but the analysis will be centred in this set.
SAIFI:
INDICES DISCUSSION
Global indices
The most employed indices (SAIFI, SAIDI and CAIDI) which have been described up above have a common characteristic: none of them distinguish between a customer like a big factory or industry, and a residential customer like John Doe, with a weekend residence connected at the end of a rural MV feeder with an annual billing of 500 kWh.
With this approach all the customers have the same weight in the calculation, and the average indices are less and less representatives of the real situation of the utility's facilities, worsened if they are applied to bigger areas or the whole utility, specially if the utility has very different quality levels.
The other fact is that the mentioned indices are not taking in account the occurrence time of the interruption: for the calculation, there is no distinction between an interruption of one hour that begins at 02:00 A.M. or another one that began at 02:00 P.M.. Clearly, the customers bothered by the interruption will react in a very different way with the time of occurrence.
Of course, there are some advantages: you can summarise the reliability aspects of the distribution utility in the three voltage levels (HV, MV and LV). There are only three index values (an easy way to remember), and you can compare the performance of different areas in the company with the same indices, but they are of a limited use for the internal management decisions.
The ASIFI and ASIDI indices are in a certain way, a better approach, because at least, they are taking in account (via the kVA) the real extent of the interruption on the facilities (the interrupted customer's number are in some cases, implicit in the affected kVA).
In the Argentine market of electricity (Generation, transport and distribution), for the privatised distribution companies under the Law 24 065 (as Edenor S.A.) was mandatory the calculation of two indices in order to calculate fines on service continuity from September 1993 to August 1996.
These indices are the FMIK and TTIK, from their initials in Spanish. The first one refers to the Average Interruption Frequency per kVA and the second one to Average Total Duration Time per kVA. The kVA refers to the MV/LV transformers nominal power plus the contracted power of the HV and MV customers and their calculation formulas are, for a given period:
Of course, these indices can be calculated only for the HV and MV network interruptions. In a certain way, the FMIK and TTIK are in the same approach that the ASIFI and ASIDI.
Individual Indices
After this three years period with global indicators for Edenor S.A., a deep change in the regulation has made mandatory to include the LV level and the tracking of the record of interruptions of every individual customer. The regulation indicates that the fines must be paid to each customer (even the street lighting) in relationship with his interruption record and annual billed energy. This information system is extremely complex (Edenor S.A. has today nearly 2 300 000 customers, from the downtown to rural areas) [2] .
Non Supplied Energy (ENS)
The most important fact now is that it is m andatory to calculate the Non Supplied Energy (ENS) for each customer in each interruption, regardless of his voltage level supply, tariff or billed energy. The bonuses are to be paid to each customer that is out of the accepted limits of supply continuity (number and duration of interruptions for each type of customer).
The huge database of service continuity fulfils with the governmental regulatory requirements, but also provides the information to develop very useful tools for the internal managerial decisions on the priority order of investments.
Calculation of Non Supplied Energy
In the Edenor's system the electric connectivity path of each customer is known. Other associated data are the customer's commercial information (e.g. billed energy, tariff, etc.).
The Concession Contract has fixed five standard daily load profiles (in per unit) for different types of customers: a) Residential (< 10 kW) b) General Use (< 10 kW) c) Public Lighting d) General use above 10 kW and big customers in LV e) Customers supplied in MV and HV.
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Two examples are given for the a) and e) type customer:
The complete data set can be found (in Spanish) in the web site www.enre.gov.ar [3] .
In order to calculate the ENS for a given interruption the formula is: 525 600 is a constant: the total minutes of the year As all these calculations are mandatory, Edenor S.A. has available a huge database with the ENS associated to each customer, interruption and facility, with other associated data (cause, forced or schedule interruption, voltage level, etc.).
From this fact, the company has developed many tools to improve the internal managerial decisions.
INTERNAL USE OF CONTINUITY INDICES
Nowadays, the SAIFI and SAIDI indices are very extended in all distribution companies, but with some differences in the interruption lower limit (one or three minutes), how to define a Force Majeure cause, LV network included or not, etc., that can difficult the direct benchmarking between companies.
The indices calculation is not mandatory for Edenor S.A., because the company knows the interruption's record for each individual customer, but nevertheless the SAIFI and SAIDI are calculated with the same parameters that has been fixed by the Concession Contract [3] . In order to keep the record from the year 1993, the FMIK and TTIK indices are calculated too.
SAIFI are SAIDI are available monthly for the whole company, for each internal administrative area, for each municipality, for each HV/MV Substation, each MV feeder, each MV/LV Substation and each LV feeder.
The ENS is added to this calculation (it is available easily from the database), because it is strongly linked to the eventual fines to pay at the customers and add a valuable decision tool to decide investments.
Application Example
For the MV interruptions, the installation to consider is the MV feeder, and for LV interruptions, the MV/LV Substation (the LV feeder can be used if desired, but practical reasons limits this practice to isolated cases).
This example is based in real data from the year 2003, MV forced interruptions, with the Concession Contract parameters and for the whole company.
Usually, the method to detect the most conflictive facilities from the service continuity point of view is to determinate the indices for each MV feeder, and then to order them in function of the indices value.
This method was used here, but adding the ENS value for each MV feeder, and making different arrangements, to show the use of the ENS. 
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As can be seen, the priority has changed sharply. Some MV feeders remain as highly problematic, any be the chosen index (e.g. the 1363, 1602, 1353, 1092, etc), but others (as the ones in the shadow rows) are now in high priority according to the ENS.
Under the Argentine's regulation a high ENS means a risk of fines that are a heavy burden in the company budget.
In the other hand, these MV feeders perhaps are serving not many customers, and have very few interruptions, according to SAIFI and SAIDI, but these customers with a high energy demand will be more sensitive to the interruptions, that others customers with higher SAIDI and SAIFI served in the countryside.
Of course, it is necessary to track all the elements prior to take investment decisions to improve the distribution service. A residential customer with low energy consumption but with an artificial breather will be of special consideration in order to give him the best available service.
The general rule is that all the customers have the same rights, but when a tight budget must be assigned, all the additional information can contribute to the right decision.
In the Edenor's case, the database permits also the tracking of the specific data of the customers with the worst interruption's record, as recommended in the IEEE Standard, 1366-1998 -point 6.1 -page 11.
CONCLUSIONS
The SAIFI and SAIDI indices are widely employed, but they neglected the time of occurrence and the interruption's associated energy (ENS). All the customers have the same weight in the calculation regardless of the tariff, billed energy, and voltage supply level. Of course, it is possible to separate the indices by type (forced or scheduled).
The ENS can change the focus of the technical and economical analysis of the facilities under study. In the case of Edenor S.A., the data is available, because it is mandatory due to the exigencies of the Concession Contract, and for this reason, there is no additional cost to deal with the issue.
It seems desirable to introduce additional parameters in order to ponder the weight of each interruption in the calculation formulas.
The interruption's time of occurrence (morning, afternoon, night-time) in relationship with a system load profile can be a first approximation in order to ponder each interruption, but this way is very near to the average indices concept and the problem remains.
Really, if the SAIFI and SAIDI average indices can be calculated accurately, then the information system of the company will be able to provide the electrical path of each customer, at least at the level of the MV/LV Substation or MV/LV transformer.
Instead of only count the number of customers out of service, why not established the link with the commercial system and obtain the tariff, billed energy and other data?
After all, the customers commercial data is nearly free for the technical system (The company needs it to bill the customers!).
With this data available it is easy to calculate the ENS for each facility, with fixed load profiles for each type of customer (tariff and voltage level supply at least).
The decision to include or not the LV network and interruptions in this level is linked to the regulatory exigencies or the selection of the information's technical system that will be used by the utility.
Of course the calculation can be refined a lot, for example with seasonal load profiles for each day, or personalised load profiles for big customers (the big customer's meter usually records the power demand).
If the electrical path is known and the link with the commercial system is established, it is only a matter of programming time and power calculation in the computers.
This approach is tempting, but the risk is to finish having an information level very, very detailed, that makes nearly impossible a coherent analysis between lots of indices and figures.
The best way is to establish a well-known set of indices and personalised information for the special or big customers, and then, with the acquired experience, advance to improve the system.
